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LIQUID CRYSTAL DEVICE, ELECTRONIC
APPARATUS AND LIGHTING DEVICE

This is a Continuation of application Ser. No. 13/533,268
filed Jun. 26, 2012, which claims the benefit of Japanese
Patent Application Nos. 2011-147092, filed Jul. 1, 2011,
2011-253714, filed Nov. 21, 2011 and 2011-253715, filed
Nov. 21, 2011. The disclosure of the prior applications is
hereby incorporated by reference herein in its entirety.

BACKGROUND

1. Technical Field

The present invention relates to a liquid crystal device
having a lighting device and a liquid crystal panel, an elec-
tronic apparatus having the liquid crystal device, and the
corresponding lighting device.

2. Related Art

Among various liquid crystal devices, a liquid crystal
device having a transparent or translucent liquid crystal panel
includes a lighting device, which is called a so-called back-
light device, and a liquid crystal panel disposed to overlap the
side of a light emitting surface of the lighting device, and
modulates the illuminating light emitted from the lighting
device by a liquid crystal panel to display an image. There-
fore, regarding the lighting device, it is required to make the
distribution of emission intensity of the illuminating light
uniform.

Here, regarding the lighting device having the light emit-
ting element at the end portion of a light guide plate, it is
proposed that a plurality of light emitting elements are pro-
vided along two sides facing each other in the first direction of
the light guide plate, and the location of the light emitting
element disposed along one side and the location of the light
emitting element disposed along the other side are shifted in
the second direction (see JP-A-2006-120361).

In addition, there is proposed that, since light is excessively
dispersed at an integrated light guide plate when the emission
intensity of illuminating light emitted from the lighting
device is controlled at every region, for example, as shown in
FIG. 10A, a plurality of rectangular light guide plate portions
81X extending in the first direction are arranged in parallel in
the second direction which is a direction of the short side, and
a light emitting element 89 is disposed at the end portion (a
light incident portion 88X) of the light guide plate portion
81X in the first direction (see JP-A-2009-163902).

Meanwhile, as shown in FIG. 10B, there is proposed a
lighting device in which, even though the emission intensity
of illuminating light is not controlled for every region, a
plurality of trapezoidal light guide plate portions 82Y having
two sides with different lengths facing each other in the first
direction are arranged in the second direction which faces the
first direction, and the light emitting element 89 is disposed at
the end surface (a light incident portion 88Y) located at the
long side of a light guide plate portion 82Y (see JP-A-2006-
108045).

However, in the case of the lighting device disclosed in
JP-A-2009-163902, the size of the light incident portion 88X
of'the light guide plate portion 81X in the second direction is
great in comparison to the size of the light emitting element
89 in the second direction. For this reason, when illuminating
light is emitted from the light guide plate portion 81X, near
the light incident portion 88X of the light guide plate portion
81X, the emission intensity of the illuminating light from the
portion facing the light emitting element 89 is great, but at a
position deviated from the corresponding region in the second
direction, the emission intensity of the illuminating light may
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be easily lowered. In addition, in the case of adopting the
configuration disclosed in JP-A-2006-108045, since the size
of the light incident portion 88Y of the light guide plate
portion 82Y in the second direction is great in comparison to
the size of the light emitting element 89 in the second direc-
tion, further to the lighting device disclosed in JP-A-2009-
163902, and so the above problem is remarkable.

Therefore, in the case of adopting the configurations dis-
closed in JPA-2009-163902 and JP-A-2006-108045, it is
required to decrease the dimension of the light guide plate
portions 81X and 82Y in the second direction, increase the
number of the light guide plate portions 81X and 82Y and the
light emitting elements 89, and design the size of the light
guide plate portions 81X and 82Y in the second direction
close to the size of the light emitting element 89 in the second
direction, however, in the corresponding configuration, the
cost of the lighting device or the liquid crystal device
increases. In addition, in the configurations disclosed in
JP-A-2009-163902 and JP-A-2006-108045, decreasing the
difference in emission intensity of illuminating light near the
light incident portions 88X and 88Y of the light guide plate
portions 81X and 82Y by providing the light emitting element
89 ata position greatly spaced from the light incident portions
88X and 88Y of the light guide plate portions 81X and 82Y
may be considered, but in the corresponding configuration,
the dimension of the lighting device in the first direction
becomes great, and so there is a problem that it cannot be
mounted to a liquid crystal device.

SUMMARY

An advantage of some aspects ofthe invention is to provide
a liquid crystal device in which the number of light guide
plate portions or light emitting elements is relatively low even
though a plurality of light guide plate portions extending in
the first direction are arranged in parallel in the second direc-
tion, and which may promote uniformity of the emission
intensity of illuminating light even though the dimension in
the first direction is relatively small, an electronic apparatus
having the liquid crystal device, and the corresponding light-
ing device.

According to an aspect of the invention, there is provided a
liquid crystal device including a lighting device and a liquid
crystal panel disposed to overlap a side of a light emitting
surface of the lighting device, and the lighting device includes
a light guide plate in which a plurality of plane-shaped light
guide plate portions, each having a first side facing at least the
first direction between the first direction and the second direc-
tion which intersect each other in the in-plane direction of the
light emitting surface and a second side longer than the length
of the first side, are arranged so that the first side and the
second side oflight guide plate portions adjacent to each other
in the second direction become adjacentto each other, respec-
tively; and a plurality of light emitting elements for emitting
the light of a light source from the end surface of'the first side
into the light guide plate portion with respect to each of the
plurality of light guide plate portions.

In the liquid crystal device according to the invention, in
linkage with the driving of the liquid crystal panel, when the
emission intensity of illuminating light from a lighting device
is controlled for each region, the light guide plate portions
having a planar shape where two sides facing each other in the
first direction have different lengths are arranged in the sec-
ond direction to have reverse orientations in the first direction,
and the light of the light source emitted from the light emitting
element is incident from the end surface of the light guide
plate portion located in the first direction into the light guide
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plate portion. For this reason, different from the case where an
integrated light guide plate is used, it is possible to prevent the
light of the light source from spreading too much, and so the
emission intensity of illuminating light may be very suitably
controlled at each region. Here, the light emitting element
emits the light of the light source from the end surface of the
light guide plate portion located at the first side (the short
side), among two faces facing in the first direction, into the
light guide plate portion. For this reason, in the light guide
plate portion, it is possible to avoid the size of the end surface
(the light incident portion) in the second direction where the
light of the light source is incident increasing excessively in
comparison to the size of the light emitting element in the
second direction. Therefore, even though the light emitting
element is not excessively separated from the light incident
portion of the light guide plate portion in the first direction,
the difference in incident intensity of the light of the light
source is small between the region of the light guide plate
portion which faces the light emitting element and a location
deviated from the region in the second direction. Therefore,
when the illuminating light is emitted from the light guide
plate portion, in the vicinity of the light incident portion of the
light guide plate portion, the difference between the emission
intensity of illuminating light from the region facing the light
emitting element and the emission intensity of illuminating
light from a location deviated from the region in the second
direction is small. Therefore, even though the plurality of
light guide plate portions extending in the first direction are
arranged in the second direction, the emission intensity of
illuminating light may be made uniform even though the
number of light guide plate portions or light emitting ele-
ments is relatively small and the dimension of the lighting
device in the first direction is relatively small.

In the invention, the light guide plate portion may adopt a
configuration having a trapezoidal planar shape where the
first side and the second side are parallel. According to this
configuration, since the light emitting elements are config-
ured to be arranged linearly in the second direction at both
sides of the light guide plate in the first direction, the configu-
ration may be simplified, for example substrates on which the
light emitting elements are mounted may be arranged in suc-
cession linearly.

It is preferable that the light guide plate portion adopt a
configuration including an oblique side extending in the first
direction and combining one end portion of the first side and
one end portion of the second side, and a lateral side extend-
ing to be perpendicularto the first side and the second side and
combining the other end portion of the first side and the other
end portion of the second side. According to this configura-
tion, by arranging the light guide plate portions so that the
lateral side orthogonal to two parallel sides is disposed at an
outer side in the second direction, the light guide plate may
have a rectangular shape.

It is preferable that a light scattering surface be installed
between adjacent light guide plate portions among the plu-
rality of light guide plate portions. According to this configu-
ration, since a part of the light leaks from the light guide plate
portion to an adjacent light guide plate portion via the light
scattering surface, itis possible to prevent an abrupt change of
the emission intensity of illuminating light at a border portion
of the light guide plate portions adjacent to each other.

It is preferable that, between adjacent light guide plate
portions among the plurality of light guide plate portions, the
light scattering surface be installed at a part of the light guide
plate portion in the thickness direction, and a reflecting sur-
face be installed at the other part thereof. According to this
configuration, if the ratio occupied by the light scattering
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4

surface and the reflecting surface is adjusted, the intensity of
light leaking from the light guide plate portion to an adjacent
light guide plate portion and the intensity of light reflected on
the reflecting surface to return to the light guide plate portion
may be adjusted. Therefore, it is possible to prevent an abrupt
change of the emission intensity of illuminating light at the
border portion of the light guide plate portion adjacent to each
other, and the intensity of illuminating light emitted from the
light guide plate portion may be optimized.

It is preferable that, between adjacent light guide plate
portions among the plurality of light guide plate portions, the
light scattering surface be installed at a part of the light guide
plate portion in the thickness direction, and a clearance be
provided at the other part thereof. According to this configu-
ration, reflection occurs at the interface between the end sur-
face of the light guide plate portion and the air layer in the
clearance, and a part of the light is incident to an adjacent light
guide plate portion via the clearance. Therefore, if a ratio
occupied by the light scattering surface and the clearance is
adjusted, the intensity of light leaking from the light guide
plate portion to an adjacent light guide plate portion and the
intensity of light reflected on the interface between the end
surface of the light guide plate portion and the air layer in the
clearance to return to the light guide plate portion may be
adjusted. Therefore, it is possible to prevent an abrupt change
of the emission intensity of illuminating light at the border
portion of the light guide plate portion adjacent to each other,
and the intensity of illuminating light emitted from the light
guide plate portion may be optimized.

It is preferable that a clearance be provided between adja-
cent light guide plate portions among the plurality of light
guide plate portions. According to this configuration, reflec-
tion occurs at the interface between the end surface of the
light guide plate portion and the air layer in the clearance, and
a part of the light is incident to an adjacent light guide plate
portion via the clearance. Therefore, it is possible to prevent
an abrupt change of the emission intensity of illuminating
light at the border portion of the light guide plate portion
adjacent to each other, and the intensity of illuminating light
emitted from the light guide plate portion may be optimized.

Itis preferable that the thickness dimension of the plurality
of light guide plate portions continuously vary in the first
direction.

In this case, it is preferable that the thickness dimension of
the plurality of light guide plate portions increase from the
side of the second side toward the side of the first side.
According to this configuration, since the incident light of the
light source may easily reach the front end side of the light
guide plate portion while keeping a sufficient intensity of
light, the emission intensity of illuminating light emitted from
the light guide plate portion may be made uniform.

It is preferable that the plurality of light guide plate por-
tions be arranged so that the first side and the second side of
adjacent light guide plate portions are adjacent to each other,
respectively. According to this configuration, since the
advancing direction of the light of the light source in the first
direction in the light guide plate changes in the second direc-
tion alternately, it has the advantage that brightness uneven-
ness does not easily occur in the light guide plate.

The liquid crystal device according to the invention may be
used as a display unit of various kinds of electronic appara-
tuses.

According to another aspect of the invention, there is pro-
vided a lighting device including a light guide plate in which
a plurality of plane-shaped light guide plate portions, each
having a first side facing at least the first direction between the
first direction and the second direction which intersect each
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other in the in-plane direction of the light emitting surface and
a second side longer than the length of the first side, are
arranged so that the first side and the second side of light
guide plate portions adjacent to each other in the second
direction become adjacent to each other, respectively; and a
plurality of light emitting elements for emitting the light of'a
light source from the end surface of the first side into the light
guide plate portion with respect to each of the plurality of
light guide plate portions.

In the lighting device according to the invention, when the
emission intensity of illuminating light is controlled for each
region, the light guide plate portions having a planar shape
where two sides facing each other in the first direction have
different lengths are arranged in the second direction to have
reverse orientations in the first direction, and the light of the
light source emitted from the light emitting element is inci-
dent from the end surface of the light guide plate portion
located in the first direction into the light guide plate portion.
For this reason, different from the case where an integrated
light guide plate is used, it is possible to prevent the light of
the light source from spreading too much, and so the emission
intensity of illuminating light may be very suitably controlled
ateach region. Here, the light emitting element emits the light
of'the light source from the end surface of the light guide plate
portion located at the first side (the short side), among two
faces facing in the first direction, into the light guide plate
portion. For this reason, in the light guide plate portion, it is
possible to avoid the size of the end surface (the light incident
portion) in the second direction where the light of the light
source is incident increasing excessively in comparison to the
size of the light emitting element in the second direction.
Therefore, even though the light emitting element is not
excessively separated from the light incident portion of the
light guide plate portion in the first direction, the difference in
incident intensity of the light of the light source is small
between the region of the light guide plate portion which
faces the light emitting element and a location deviated from
the region in the second direction. Therefore, when the illu-
minating light is emitted from the light guide plate portion, in
the vicinity of the light incident portion of the light guide plate
portion, the difference between the emission intensity of illu-
minating light from the region facing the light emitting ele-
ment and the emission intensity of illuminating light from a
location deviated from the region in the second direction is
small. Therefore, even though the plurality of light guide
plate portions extending in the first direction are arranged in
the second direction, the emission intensity of illuminating
light may be made uniform even though the number of light
guide plate portions or light emitting elements is relatively
small and the dimension of the lighting device in the first
direction is relatively small.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIGS. 1A and 1B are diagrams showing an overall con-
figuration of a liquid crystal device according to a first
embodiment of the invention.

FIG. 2 is an exploded perspective view showing the liquid
crystal device according to the first embodiment of the inven-
tion.

FIGS. 3A and 3B are diagrams showing an essential con-
figuration of a lighting device according to the first embodi-
ment of the invention.
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FIG. 4 is a diagram showing the emission intensity when
illuminating light is emitted from one of the light guide plate
portions of the lighting device according to the first embodi-
ment of the invention.

FIG. 5 is a diagram showing a planar configuration of a
lighting device according to a second embodiment of the
invention.

FIGS. 6A and 6B are diagrams showing a planar configu-
ration of a lighting device according to a third embodiment of
the invention.

FIGS. 7A to 7C are diagrams showing a cross-sectional
configuration of a lighting device according to a first modifi-
cation example of the first to third embodiments of the inven-
tion.

FIGS. 8A and 8B are diagrams showing an essential con-
figuration of a lighting device according to a second modifi-
cation example of the first to third embodiments of the inven-
tion.

FIGS. 9A to 9D are diagrams showing an electronic appa-
ratus having the liquid crystal device according to the inven-
tion.

FIGS. 10A and 10B are a diagram showing a lighting
device in the related art.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Referring to the drawings, embodiments of the invention
will be described. In addition, in regard to the figures referred
to in the following description, the scale of each layer or
member may be changed so that each layer or member may be
so increased to be recognizable on the figures. In addition, in
the following description, the directions intersecting the in-
plane direction of a light guide plate or a liquid crystal panel
are set to be the X-axis direction and the Y-axis direction, and
the direction intersecting with the X-axis direction and the
Y-axis direction is set to be the Z-axis direction. In addition,
in the drawings referred to below, one side in the X-axis
direction is set to be an X1 side and the other side is set to be
an X2 side, one side in the Y-axis direction is set to be aY1
side and the other side is set to be a Y2 side, and one side in the
Z-axis direction s set to be a Z1 side (lower side) and the other
side (the side where illuminating light or display light is
emitted) is set to be a Z2 side (upper side).

Embodiment 1
Overall Configuration

FIGS. 1A and 1B are diagrams showing an overall con-
figuration of a liquid crystal device according to the first
embodiment of the invention, where FIG. 1A is a perspective
view showing an appearance of the liquid crystal device and
FIG. 1B is a cross-sectional view showing the liquid crystal
device. FIG. 2 is an exploded perspective view showing the
liquid crystal device according to the first embodiment of the
invention.

InFIGS. 1A, 1B and 2, the liquid crystal device 100 of this
embodiment generally includes a lighting device 8 generally
called a so-called backlight, and a transparent-type or trans-
lucent-type liquid crystal panel 10 disposed to overlap the
surface of the lighting device 8. In this embodiment, the liquid
crystal panel 10 is made of a transparent-type liquid crystal
panel. In addition, the liquid crystal device 100 includes a
resin frame 30 made ofresin and supporting the liquid crystal
panel 10 and the lighting device 8 inwards, a lower frame 40
disposed at a lower side of the resin frame 30 (the side oppo-
site to the display surface/one size Z1 in the Z-axis direction),
and an upper frame 50 disposed at an upper side of the resin
frame 30 (the side of the display surface/the other side Z2 in
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the Z-axis direction). The resin frame 30 and the lower frame
40 may be integrally formed by means of insert molding or
outsert molding.

The liquid crystal panel 10 includes an element substrate
11 having a rectangular planar shape where a pixel electrode
15 or the like is formed, an opposite substrate 12 opposite to
the element substrate 11 via a predetermined clearance, and a
sealant 14 for joining the opposite substrate 12 and the ele-
ment substrate 11. In the liquid crystal panel 10, a liquid
crystal layer 13 is retained in the region surrounded by the
sealant 14. The element substrate 11 and the opposite sub-
strate 12 are made of a translucent substrate, such as a glass
substrate. In the element substrate 11, a plurality of scan lines
(not shown) extend in the X-axis direction, and a plurality of
data lines extend in the Y-axis direction, so that switching
elements (not shown) and pixel electrodes 15 are installed
corresponding to intersections between the scan lines and the
data lines (not shown).

In this embodiment, the opposite substrate 12 is disposed at
an emission side of display light, and the element substrate 11
is disposed at a side of the lighting device 8. The liquid crystal
panel 10 includes a liquid crystal panel of a TN (Twisted
Nematic) type, an ECB (Electrically Controlled Birefrin-
gence) type, or a VAN (Vertical Aligned Nematic) type, the
pixel electrode 15 is formed at the element substrate 11, and
acommon electrode 16 is formed at the opposite substrate 12.
In this embodiment, the liquid crystal panel 10 is 3.5 inches
diagonally and has 320x480 pixels. In addition, in the case
where the liquid crystal panel 10 is a liquid crystal panel of an
IPS (In Plane Switching) type or a FFS (Fringe Field Switch-
ing) type, the common electrode 16 is installed at a side of the
element substrate 11. In addition, the element substrate 11
may also be disposed at an emission side of display light with
respect to the opposite substrate 12. An upper polarization
plate 18 is disposed to overlap the surface of the liquid crystal
panel 10, and a lower polarization plate 17 is disposed
between the lower surface of the liquid crystal panel 10 and
the lighting device 8.

In the element substrate 11, a driving IC 140 is mounted on
the surface of an overhanging portion 110 from the circum-
ference of the opposite substrate 12, and a flexible substrate
200 is connected to the end portion of the overhanging portion
110. In the flexible substrate 200, a display controlling IC 250
for outputting image data to the liquid crystal panel 10 and a
light source driving IC 280 (a light source driving unit) for
controlling lighting of the lighting device 8 are mounted.

In this embodiment, the light source driving IC 280 is
coupled with the driving of the liquid crystal panel 10, and
controls the emission intensity of illuminating light from the
lighting device 8 at every region. In more detail, the liquid
crystal device 100 of this embodiment adopts a local dimming
method in which the emission intensity of illuminating light
from the lighting device 8 is great in the region where an
image with high brightness is displayed to the liquid crystal
panel 10, and the emission intensity of illuminating light from
the lighting device 8 is low in the region where an image with
low brightness is displayed. The above operation is per-
formed as, under the control ofthe display controlling IC 250,
the light source driving IC 280 controls the driving current of
a light emitting element 89 using the lighting device 8.

The lighting device 8 includes a rectangular light guide
plate 80 disposed to overlap the lower surface side of the
liquid crystal panel 10, and a light emitting element 89 such as
an LED for emitting white light, and the light guide plate 80
is a translucent resin plate made of resin or the like, such as an
acrylic resin and a polycarbonate resin. The flexible substrate
200 connected to the liquid crystal panel 10 is a double-sided

25

40

45

50

60

8

substrate, and the light emitting element 89 is mounted to a
band-shaped portion 210 or the like extending to the flexible
substrate 200. As described in detail later, since the light
guide plate 80 has a light incident portion 88, the light of the
light source emitted from the light emitting element 89 is
incident to the light guide plate 80 from the light incident
portion 88, and is then emitted as illuminating light from the
light emitting surface 85 of the surface while moving in the
light guide plate 80. In addition, in the lighting device 8, a
reflection sheet 187 is disposed to overlap the lower surface of
the light guide plate 80, and optical sheets such as a diffusion
sheet 182 and prism sheets 183 and 184 are disposed to
overlap the surface of the light guide plate 80. In this embodi-
ment, two prism sheets 183 and 184 are disposed so that their
edge lines are orthogonal to each other. For this reason, the
illuminating light emitted from the light emitting surface 85
of the light guide plate 80 is diffused in all directions by the
diffusion sheet 182, and is then endowed with directivity with
a peak in the front direction of the liquid crystal panel 10 by
the two prism sheets 183 and 184.

In this way, in this embodiment, the lighting device 8 is
configured with the light guide plate 80, the light emitting
element 89, the band-shaped portion 210 of the flexible sub-
strate 200, the optical sheets (the reflection sheet 187, the
diffusion sheet 182, the prism sheets 183 and 184), and the
light source driving IC 280 (the light source driving unit).
Here, the band-shaped portion 210 of the flexible substrate
200 extends along two sides of the light guide plate 80 which
face each other, and as described later with reference to FIGS.
3A and 3B, the light emitting element 89 is disposed along
two sides of the light guide plate 80 which face each other.
The light source driving IC 280 (the light source driving unit)
selectively drives the plurality of light emitting elements 89 in
linkage with the driving of the liquid crystal panel and con-
trols the emitted intensity of illuminating light emitted from
the light emitting surface for each of the plurality of light
guide plate portions.

In addition, the resin frame 30 has a rectangular frame
shape and has four sidewalls 31 facing the lateral end portion
of'the liquid crystal panel 10. A stepped portion 36 is formed
inside three sidewalls 31, among four sidewalls 31 above. On
the stepped portion 36, the liquid crystal panel 10 is fixed by
means of a double-sided tape or the like so that the light guide
plate 80 or the light emitting element 89 of the lighting device
8 is disposed inside the stepped portion 36. The lower frame
40 is formed by performing a pressing process or the like to a
thin metal plate, such as a SUS plate. The lower frame 40 has
a lower plate portion 43 and four side plate portions 41
upright from the outer circumference of the lower plate por-
tion 43 and has a rectangular box shape where the upper
surface is opened. The resin frame 30 is retained on the lower
plate portion 43 of the lower frame 40. The upper frame 50 is
also formed by performing a pressing process or the like to a
thin metal plate such as a SUS plate, similar to the lower
frame 40. The upper frame 50 has a rectangular upper plate
portion 53 and four side plate portions 51 bent downwards
from the outer circumference of the upper plate portion 53
and having a rectangular box shape where the lower surface is
opened. The side plate portion 51 covers the lateral end por-
tion of the liquid crystal panel 10, and the upper plate portion
53 covers the display light emission side of the liquid crystal
panel 10. Here, at the upper plate portion 53 of the upper
frame 50, a rectangular opening 530 for emitting the light
emitted from the liquid crystal panel 10 is formed. For this
reason, the upper plate portion 53 of the upper frame 50
entirely covers the circumferential end portion of the liquid
crystal panel 10 at the display light emission side. In the lower
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frame 40, a hook portion 45 formed by cutting and erecting
the side plate portion 41 to have a downward slope is formed
at the side plate portion 41, and in the upper frame 50, a hook
portion 55 formed by cutting and erecting the side plate
portion 51 to have an upward slope is formed at the side plate
portion 51. For this reason, in a state where the lower frame 40
and the upper frame 50 overlap the liquid crystal panel 10, the
lighting device 8 and the resin frame 30, if the upper frame 50
is pressed toward the lower frame 40, the hook portions 45
and 55 are automatically engaged, so that the upper frame 50
and the lower frame 40 come to be coupled with the side plate
portions 41 and 51.

Detailed Configuration of the Lighting Device 8

FIGS. 3A and 3B are diagrams showing an essential con-
figuration of a lighting device 8 according to the first embodi-
ment of the invention, where FIG. 3A is a diagram showing a
planar configuration of the lighting device 8 and FIG. 3B is a
diagram showing a cross-sectioned view of the lighting
device 8, taken along the line IIIB-IIIB. In addition, in the
following description, the first direction, the second direction
and the third direction will correspond to the following direc-
tions:

the first direction=the Y-axis direction,

the second direction=the X-axis direction, and

the third direction=the Z-axis direction.

In addition, the “first side” corresponds to a short side 812,
and the “second side” corresponds to a long side 811.

As shown in FIGS. 3A and 3B, in the lighting device 8 of
this embodiment, at the light guide plate 80, a plurality of
light guide plate portions 81 (814 to 81/) having a trapezoidal
planar shape where two sides facing in the Y-axis direction
have different lengths, among the Y-axis direction (the first
direction) and the X-axis direction (the second direction)
intersecting with the in-plane direction of the light emitting
surface 85, are disposed in parallel in the X-axis direction,
and light emitting elements 89 are disposed in a one-to-one
relationship with the light guide plate portions 81. In this
embodiment, the light emitting element 89 is an LED (Light
Emitting Diode) which emits white light and emits light of a
light source as emission light.

Here, the plurality of light guide plate portions 81 are
arranged alternately in the X-axis direction while reversing
orientations in the Y-axis direction. For this reason, among the
plurality of light guide plate portions 81, each of the light
guide plate portions 81 adjacent to each other have reversed
orientations in the Y-axis direction. In more detail, among the
plurality of light guide plate portions 81, between two sides of
the light guide plate portion 81a, 81c¢, 81e which face each
other in the Y-axis direction, the long side 811 is oriented
toward one side Y1 in the Y-axis direction, and the short side
812 is oriented toward the other side Y2 in the Y-axis direc-
tion. By doing so, in the light guide plate portions 815, 814,
81/, the long side 811 is oriented toward the other side Y2 in
the Y-axis direction, and the short side 812 is oriented toward
one side Y1 in the Y-axis direction. In addition, all of the
plurality of light guide plate portions 81 have the same shape
and includes a lateral side 813 extending in a direction
orthogonal to the long side 811 and the short side 812 and
coupling the end portions of the long side 811 and the short
side 812 and an oblique side 814 extending with a slope and
coupling the other end portions of the long side 811 and the
short side 812. For this reason, if two light guide plate por-
tions 81a and 8154 are arranged so that their oblique sides 814
adjoin each other, the light guide plate portions 81a and 815
becomes a rectangle extending toward the long side in the
Y-axis direction. In addition, it is the same as the other light
guide plate portions (the light guide plate portions 81¢ and
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10
81d and the light guide plate portions 81e and 81f). For this
reason, by disposing two light guide plate portions 81, which
are combined so that their oblique sides 814 adjoin each other,
in the Y-axis direction, it is possible to configure a light guide
plate 80 with a rectangular planar shape.

In this embodiment, the light guide plate portion 81 has, for
example, a thickness dimension of 1 mm and a length dimen-
sion of 75 mm in the Y-axis direction, the long side 811 having
alength of 13 mm, the short side 812 having a length of 4 mm.
For this reason, the light guide plate has a planar size of 51
mmx75 mm.

When arranging the light emitting element 89 at the light
guide plate 80 configured as above, in this embodiment, at
any of the plurality of light guide plate portions 81, the end
surface located at the short side 812 side becomes the light
incident portion 88, so that the light emission surface of the
light emitting element 89 is oriented toward the light incident
portion 88. In addition, with respect to the light guide plate
portion 81, at the surface where the reflection sheet 187 is
located, a scattering pattern is formed, and in this embodi-
ment, the further spaced apart from the light emitting element
89, the more density of the scattering pattern increases. For
this reason, the distribution of intensity of illuminating light
emitted from the light guide plate portion 81 is made uniform
regardless of the distance from the light emitting element 89.
The scattering pattern is configured to have concave depres-
sions in the surface of the light guide plate portion, but a
configuration where a scattering member is printed may also
be adopted.

In this embodiment, the plurality of light guide plate por-
tions 81 are respectively made of independent resin plates,
and the end surface corresponding to the lateral side 813 and
the oblique side 814 becomes a light scattering surface 821 to
which fine unevenness is added by means of scattering. For
this reason, the light scattering surface 821 is installed at the
space 82 between the light guide plate portions 81 adjacent to
each other in the Y-axis direction. In this regard, the end
surface of the light guide plate portion 81 at the short side 812
regarded as the light incident portion 88 becomes a flat sur-
face without a scattering treatment for the purpose of enhanc-
ing the incident efficiency of light of the light source into the
light guide plate portion 81. In addition, the end surface of the
light guide plate portion 81 at the long side 811, which faces
the light incident portion 88, becomes a flat surface, and
therefore the light reaching the end surface at the long side
811 is reflected to propagate in the light guide plate portion 81
again.

Emission Characteristics of [lluminating Light

FIG. 4 is a diagram showing the emission intensity when
illuminating light is emitted from one of the light guide plate
portions 81 of the lighting device 8 according to the first
embodiment of the invention. The liquid crystal device 100 of
this embodiment adopts a local dimming method so that the
lighting device 8 sets the emission intensity of illuminating
light to be great in the region where an image with high
brightness is displayed to the liquid crystal panel 10, and the
lighting device 8 sets the emission intensity of illuminating
light to be low in the region where an image with low bright-
ness is displayed. In the above lighting operation, for
example, as shown in FIG. 4, the light emitting element 89
installed at the light guide plate portion 81e among the plu-
rality oflight guide plate portions 81 illuminates, and the light
emitting elements 89 at both sides do not emit light.

In this case, first, the light guide plate portion 81e emits
illuminating light with uniform intensity regardless of loca-
tion. Here, the plurality of light guide plate portions 81 are
respectively made of independent resin plates, and the end
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surface corresponding to the lateral side 813 and the oblique
side 814 becomes a scattering surface. For this reason, a part
of' the light progressing in the light guide plate portion 81e is
emitted from the end surface corresponding to the lateral side
813 and the oblique side 814 and is incident to adjacent light
guide plate portions 814 and 81f. For this reason, the emission
intensity of illuminating light gently decreases the space (the
border portion) 82 between the light guide plate portions 81
adjacent to each other, thereby preventing an abrupt change.
Main Effects of this Embodiment

As described above, in this embodiment, the local dimming
is adopted to improve the contrast of an image and promote
low power consumption, and the light guide plate portions 81
having a trapezoidal planar shape where two sides facing in
the Y-axis direction (the first direction) have different lengths
are arranged in the X-axis direction (the second direction)
while reversing orientations in the Y-axis direction. In addi-
tion, the light of the light source emitted from the light emit-
ting element 89 is incident into the light guide plate portion 81
from the end surface of the light guide plate portion 81 located
in the Y-axis direction. For this reason, different from the case
where an integrated light guide plate is used, it is possible to
prevent the light of the light source from spreading too much,
and so the emission intensity of illuminating light may be
very suitably controlled at each region.

Here, the light emitting element 89 emits the light of the
light source into the light guide plate portion 81 from the end
surface of the light guide plate portion 81 located at the short
side 812 side. For this reason, in the light guide plate portion
81, it is possible to avoid the size of the end surface (the light
incident portion 88) in the X-axis direction where the light of
the light source is incident increasing excessively in compari-
son to the size of the light emitting element 89 in the X-axis
direction. Therefore, even though the light emitting element
89 is not excessively separated from the light incident portion
88 of the light guide plate portion 81, the difference in inci-
dent intensity of the light of the light source is small between
the region of the light guide plate portion 81 which faces the
light emitting element 89 and a location deviated from the
region in the X-axis direction. Therefore, when the illuminat-
ing light is emitted from the light guide plate portion 81, in the
vicinity of the light incident portion 88 of the light guide plate
portion 81, the difference between the emission intensity of
illuminating light from the region facing the light emitting
element 89 and the emission intensity of illuminating light
from a location deviated from the region in the X-axis direc-
tion is small. Therefore, even though the plurality of light
guide plate portions 81 extending in the Y-axis direction are
arranged in the X-axis direction, the emission intensity of
illuminating light may be made uniform in a state where the
number of light guide plate portions 81 or light emitting
elements 89 is relatively small and the dimension of the
lighting device 8 in the Y-axis direction is relatively small.

In addition, in this embodiment, since the light scattering
surface 821 is installed at the space 82 between the light guide
plate portions 81 adjacent to each other, a part of the light
leaks from the light guide plate portions 81 to an adjacent
light guide plate portion 81. For this reason, it is possible to
suppress an abrupt change of the emission intensity of illu-
minating light at a border portion of adjacent light guide plate
portions 81. Therefore, a high-quality image may be dis-
played.

In addition, since the plurality of light guide plate portions
81 have a trapezoidal planar shape where two sides (the long
side 811 and the short side 812) are parallel, the light emitting
elements 89 are configured to line up in the X-axis direction
at both sides of the light guide plate 80 in the Y-axis direction.
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Therefore, it is possible to attempt simplification of the con-
figuration, for example substrates (the band-shaped portions
210 of the flexible substrates 200) where the light emitting
elements 89 are mounted may be provided linearly in succes-
sion. Further, the plurality of light guide plate portions 81 has
the oblique side 814 and the lateral side 813 provided in
successions to be orthogonal to two sides (the long side 811
and the short side 812). For this reason, by arranging the light
guide plate portion 81 so that the lateral side 813 is located
outside, the light guide plate 80 may have a rectangular shape.

In addition, in this embodiment, even though, when the
light scattering surface 821 is provided to the space 82
between the light guide plate portions 81 adjacent to each
other in the Y-axis direction, both the lateral side 813 and the
oblique side 814 serve as the light scattering surface 821, it is
also possible to adopt a configuration where the lateral side
813 or the oblique side 814 of one light guide plate portion 81
among the light guide plate portions 81 adjacent to each other
in the Y-axis direction serves as the light scattering surface
821. In this configuration, since it is configured so that the
light scattering surface 821 is used together between the light
guide plate portions 81 adjacent to each other in the Y-axis
direction, the same effects as when both the lateral side 813
and the oblique side 814 serve as the light scattering surface
821 may be obtained. In addition, in the case where it is
configured so that only either the lateral side 813 or the
oblique side 814 of one light guide plate portion 81 among the
light guide plate portions 81 adjacent to each other in the
Y-axis direction serves as the light scattering surface 821, the
object subject to the scattering treatment is limited, thereby
improving productivity.

In addition, in this embodiment, even though the configu-
ration where the end surface at the long side 811 facing the
light incident portion 88 is a flat surface is adopted, it is
possible to adopt a configuration where the end surface at the
long side 811 is a scattering surface or a reflecting surface,
and in this case, the utilization efficiency of light propagating
in the light guide plate 80 may be enhanced.

Second Embodiment

FIG. 5 is a diagram showing a planar configuration of a
lighting device 8 according to a second embodiment of the
invention. Even though the first embodiment adopts the local
dimming method, this embodiment adopts the local dimming
and also is an example of a scanning backlight which shifts
the region to which illuminating light is emitted from the
lighting device 8, coupled with the operation of scanning
pixels in order with respect to the liquid crystal panel 10, as
indicated by the arrow YO. For this reason, in the following
description, the first direction, the second direction and the
third direction respectively correspond to the following direc-
tions:

the first direction=the X-axis direction,

the second direction=the Y-axis direction, and

the third direction=the Z-axis direction.

However, since the basic configuration of this embodiment
is identical to the first embodiment, the same reference num-
bers are applied to common components and are not
described in detail.

As shown in FIG. 5, in the lighting device 8 of this embodi-
ment, compared with the first embodiment, the arrangement
direction of'the light guide plate portions 81 is rotated by 90°,
and meanwhile, the number of the light guide plate portions
81 is increased. In more detail, the light guide plate 80 has a
configuration where the plurality of light guide plate portions
81 (81a to 81/%) having a trapezoidal planar shape where two
sides facing each other in the X-axis direction have different
lengths are arranged in parallel in the Y-axis direction, and the
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light emitting elements 89 are arranged in a one-to-one rela-
tionship with the light guide plate portions 81.

Here, the plurality of light guide plate portions 81 are
arranged alternately in the Y-axis direction while reversing
orientations in the X-axis direction. For this reason, among
the plurality of light guide plate portions 81, every light guide
plate portions 81 adjacent to each other have reversing orien-
tations in the Y-axis direction. In addition, all of the plurality
of light guide plate portions 81 have the same shape and
include a lateral side 813 and an oblique side 814 orthogonal
to the long side 811 and the short side 812. For this reason, if
two light guide plate portions 81a and 815 adjacent to each
other are arranged so that their oblique sides 814 adjoin each
other, the light guide plate portions 81a and 815 becomes a
rectangle extending toward the long side in the Y-axis direc-
tion. In addition, it is the same as the other light guide plate
portions (the light guide plate portions 81c¢ and 814, the light
guide plate portions 81le and 81f; and the light guide plate
portions 81g and 81/%). For this reason, the light guide plate 80
has a rectangular planar shape.

In this embodiment, the light guide plate portion 81
includes, for example, a thickness dimension of 1 mm and a
length dimension of 51 mm in the X-axis direction, the long
side 811 having a length of 15 mm, the short side 812 having
a length of 4 mm. For this reason, the light guide plate has a
planar size of 51 mmx76 mm.

When arranging the light emitting element 89 at the light
guide plate 80 configured as above, in this embodiment, simi-
lar to the first embodiment, at any of the plurality of light
guide plate portions 81, the end surface located at the short
side 812 becomes the light incident portion 88, so that the
light emission surface of the light emitting element 89 is
oriented toward the light incident portion 88. In addition, with
respectto the light guide plate portion 81, at the surface where
the reflection sheet 187 is located, a scattering pattern is
formed, so that the distribution of intensity of illuminating
light emitted from the light guide plate portion 81 is made
uniform regardless of the distance from the light emitting
element 89. In addition, the plurality of light guide plate
portions 81 are respectively made of independent resin plates,
and the end surface corresponding to the lateral side 813 and
the oblique side 814 becomes a light scattering surface 821 to
which fine unevenness is added by means of scattering. For
this reason, the light scattering surface 821 is installed at the
space 82 between the light guide plate portions 81 adjacent to
each other in the Y-axis direction. In this regard, both the end
surface of the light guide plate portion 81 at the short side 812
regarded as the light incident portion 88 and the end surface at
the long side 811 side, which faces the light incident portion
88, become flat surfaces.

In addition, in this embodiment, similar to the first embodi-
ment, even though, when the light scattering surface 821 is
provided to the space 82 between the light guide plate por-
tions 81 adjacent to each other in the Y-axis direction, both the
lateral side 813 and the oblique side 814 serve as the light
scattering surface 821, it is also possible to adopt a configu-
ration where the lateral side 813 or the oblique side 814 ofone
light guide plate portion 81 among the light guide plate por-
tions 81 adjacent to each other in the Y-axis direction serves as
the light scattering surface 821. In this configuration, since it
is configured so that the light scattering surface 821 is used
together between the light guide plate portions 81 adjacent to
each other in the Y-axis direction, the same effects as when
both the lateral side 813 and the oblique side 814 serve as the
light scattering surface 821 may be obtained. In addition, in
the case where it is configured so that only either the lateral
side 813 or the oblique side 814 of one light guide plate
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portion 81 among the light guide plate portions 81 adjacent to
each other in the Y-axis direction serves as the light scattering
surface 821, the object subject to the scattering treatment is
limited, thereby improving productivity. In addition, in this
embodiment, similar to the first embodiment, even though the
configuration where the end surface at the long side 811 side
facing the light incident portion 88 is a flat surface is adopted,
it is possible to adopt a configuration where the end surface at
the long side 811 is a scattering surface or a reflecting surface,
and in this case, the utilization efficiency of light propagating
in the light guide plate 80 may be enhanced.

As described above, in this embodiment, the local dimming
is adopted to improve the contrast of an image and promote
low power consumption, and the scanning backlight method
is adopted to promote low power consumption, so that the
light guide plate portions 81 having a trapezoidal planar shape
where two parallel sides facing in the X-axis direction (the
first direction) have different lengths are arranged in the
Y-axis direction (the second direction) while reversing orien-
tations in the Y-axis direction. In addition, the light of the light
source emitted from the light emitting element 89 is incident
into the light guide plate portion 81 from the end surface of
the light guide plate portion 81 located in the X-axis direction.
For this reason, different from the case where an integrated
light guide plate is used, it is possible to prevent the light of
the light source from spreading too much, and so the emission
intensity of illuminating light may be very suitably controlled
at each region. In addition, if the scanning backlight method
is adopted, afterimages or the like generated when a moving
picture is displayed may be eased off in order to synchronize
the scanning of the liquid crystal panel 10 and the scanning of
the backlight.

In addition, the light emitting element 89 emits the light of
the light source into the light guide plate portion 81 from the
end surface of the light guide plate portion 81 located at the
short side 812 side among two parallel sides of the light guide
plate portion 81 facing each other in the X-axis direction. For
this reason, in the light guide plate portion 81, it is possible to
avoid the size of the end surface (the light incident portion 88)
in the Y-axis direction where the light of the light source is
incident increasing excessively in comparison to the size of
the light emitting element 89 in the Y-axis direction. There-
fore, even though the light emitting element 89 is not exces-
sively separated from the light incident portion 88 of the light
guide plate portion 81, the difference in incident intensity of
the light of the light source is small between the region of the
light guide plate portion 81 which faces the light emitting
element 89 and a location deviated from the region in the
Y-axis direction. Therefore, when the illuminating light is
emitted from the light guide plate portion 81, in the vicinity of
the light incident portion 88 of the light guide plate portion
81, the difference between the emission intensity of illumi-
nating light from the region facing the light emitting element
89 and the emission intensity of illuminating light from a
location deviated from the region in the Y-axis direction is
small. Therefore, even though the plurality of light guide
plate portions 81 extending in the X-axis direction are
arranged in the Y-axis direction, the emission intensity of
illuminating light may be made uniform in a state where the
number of light guide plate portions 81 or light emitting
elements 89 is relatively small and the dimension of the
lighting device 8 in the X-axis direction is relatively small.

In addition, in this embodiment, since the light scattering
surface 821 is installed at the space 82 between the light guide
plate portions 81 adjacent to each other, a part of the light
leaks from the light guide plate portions 81 to an adjacent
light guide plate portion 81. For this reason, the same effects
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as in the first embodiment may be obtained; for example it is
possible to suppress an abrupt change of the emission inten-
sity of illuminating light at a border portion of adjacent light
guide plate portions 81.

Third Embodiment

FIGS. 6A and 6B are diagrams showing a planar configu-
ration of a lighting device 8 according to a third embodiment
of'the invention, where FIG. 6A is a diagram showing that the
liquid crystal device 100 is used to be horizontally long and
FIG. 6B is a diagram showing that the liquid crystal device
100 is used to be vertically long. In addition, since the basic
configuration of this embodiment is identical to the first and
second embodiments, the same reference numbers are
applied to common components and are not described in
detail.

As shown in FIG. 6A, in the liquid crystal device 100
having the lighting device 8 according to this embodiment,
the image display region of the liquid crystal panel 10 is 3.5
inches diagonally and has 320x480 pixels. In addition, the
light guide plate 80 has a size of 51 mmx75 mm and a
thickness of 1 mm. In this embodiment, the light guide plate
80 of the lighting device 8 is configured so that the number of
the light guide plate portions 81 is reduced by 6 from the light
guide plate 80 according to the second embodiment. The
liquid crystal device 100 having the lighting device 8 is used
horizontally long, when TV moving picture or the like is
displayed. In this horizontally long state, as indicated by the
arrow SY, a backlight scans from the upper side to the lower
side of the screen in the lighting device 8 of this embodiment,
which is identical to the scanning direction of the liquid
crystal panel 10. Therefore, afterimages or the like may be
mitigated when a moving picture is displayed, and the local
dimming effect may be obtained.

In the above configuration, as shown in FIG. 6B, if the
liquid crystal device 100 is rotated by 90° to be vertically
long, as indicated by the arrow SX, the backlight scans from
the left side to the right side of the screen. In this case, since
images in vertical frames frequently display text information
or the like as still images, even though the backlight scans
from the left side to the right side of the screen, problems such
as afterimages do not easily occur.

First Modification Example of First to Third Embodiments

FIGS. 7A to 7C are diagrams showing a cross-sectional
configuration of a lighting device 8 according to a first modi-
fication example of the first to third embodiments of the
invention. In addition, since the basic configuration of this
embodiment is identical to the first to third embodiments, the
same reference numbers are applied to common components
and are not described in detail.

Even though the plurality of light guide plate portions 81
are respectively made of independent resin plates so that the
entire end surface corresponding to the lateral side 813 and
the oblique side 814 becomes a light scattering surface 821 in
the first to third embodiments, in this embodiment, as shown
in FIG. 7A, in the space 82 between the light guide plate
portions 81 adjacent to each other, the light scattering surface
821 is installed at a part of the light guide plate 80 in the
thickness direction and the reflecting surface 822 is installed
at the other part. In this embodiment, in the space 82 between
the light guide plate portions 81 adjacent to each other, about
V4 of the light guide plate 80 in the thickness direction from
the light emitting surface 85 becomes the light scattering
surface 821, and the other about %5 becomes the reflecting
surface 822. The reflecting surface 822 is configured by pro-
viding a reflective layer made of aluminum or the like, but it
may be implemented by a configuration where a part of the
end surface of the light guide plate portion 81 is made of a
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mirror surface. In addition, the reflecting surface 822 may be,
forexample, installed at a side of the light emitting surface 85,
or may be installed at a position in the middle of the light
guide plate 80 in the thickness direction.

According to the above configuration, by adjusting a ratio
occupied by the light scattering surface 821 and the reflecting
surface 822, the intensity of light leaking to an adjacent light
guide plate portion 81 and the intensity of light reflected by
the reflecting surface 822 to return to the light guide plate
portion 81 may be adjusted by means of the light scattering
surface 821 from the light guide plate portion 81. For
example, the leaked light may reach a region corresponding to
10 pixels to 20 pixels, with respect to an adjacent light guide
plate portion 81, by means of the light scattering surface 821
from the light guide plate portion 81. Therefore, it is possible
to suppress an abrupt change of the emission intensity of
illuminating light with respect to the space (the border por-
tion) 82 between the light guide plate portions 81 adjacent to
each other, and the intensity of illuminating light emitted
from the light guide plate portion 81 may be optimized.

In addition, in this embodiment, even though, when the
light scattering surface 821 and the reflecting surface 822 are
provided to the space 82 between the light guide plate por-
tions 81 adjacent to each other, the light scattering surface 821
and the reflecting surface 822 are formed at both light guide
plate portions 81 adjacent to each other in the Y-axis direction,
itis also possible to install the light scattering surface 821 and
the reflecting surface 822 at one light guide plate portion 81.
In this configuration, since it is configured so that the light
scattering surface 821 and the reflecting surface 822 are used
together between the light guide plate portions 81 adjacent to
each other in the Y-axis direction, the same effects as when the
light scattering surface 821 and the reflecting surface 822 are
provided at both light guide plate portions 81 adjacent to each
other may be obtained. At this time, if the light scattering
surface 821 is provided to one light guide plate portion 81
among the light guide plate portions 81 adjacent to each other
in the Y-axis direction and the reflecting surface 822 is pro-
vided to the other light guide plate portion 81, the manufac-
turing process of the light guide plate 80 may be simplified.

Inthe light guide plate 80 shown in FIG. 7B, at the space 82
between the light guide plate portions 81 adjacent to each
other, the light scattering surface 821 is installed at a part of
the light guide plate 80 in the thickness direction, and a
clearance 823 is provided at the other part. In this embodi-
ment, in the space 82 between the light guide plate portions 81
adjacent to each other, about ¥ of the light guide plate 80 in
the thickness direction from the light emitting surface 85
becomes the clearance 823, and the other about %2 becomes
the light scattering surface 821. The clearance 823 may be
implemented by providing the stepped portion to the end
surface of the light guide plate portion 81, and the inside of the
clearance 823 is an air layer. In addition, the clearance 823
may be, for example, provided at a side where the reflection
sheet 187 is located.

In the above configuration, reflection occurs at the inter-
face between the end surface of the light guide plate portion
81 and the air layer in the clearance 823, and a part of the light
is incident to an adjacent light guide plate portion 81 via the
clearance 823. Therefore, by adjusting a ratio occupied by the
light scattering surface 821 and the clearance 823, it is pos-
sible to adjust the intensity of light leaking from the light
guide plate portion 81 to an adjacent light guide plate portion
81 and the intensity of light reflected on the interface between
the end surface of the light guide plate portion 81 and the air
layer in the clearance 823 to return to the light guide plate
portion 81. Therefore, it is possible to suppress an abrupt
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change of the emission intensity of illuminating light with
respect to the space (the border portion) 82 between the light
guide plate portions 81 adjacent to each other, and the inten-
sity of illuminating light emitted from the light guide plate
portion 81 may be optimized.

Here, the region of the light guide plate portion 81 which
serves as the clearance 823 is preferably a flat surface.
According to this configuration, since light may be efficiently
reflected, the efficiency of light utilization may be enhanced.
In addition, even though, when the light scattering surface
821 and the clearance 823 are provided to the space 82
between the light guide plate portions 81 adjacent to each
other, the light scattering surface 821 and the cutout which
will serve as the clearance 823 are formed at both light guide
plate portions 81 adjacent to each other in the Y-axis direction,
it is also possible that the light scattering surface 821 and the
cutout (the clearance 823) may be formed at one light guide
plate portion 81. In this configuration, since the light scatter-
ing surface 821 and the clearance 823 are used together
between the light guide plate portions 81 adjacent to each
other in the Y-axis direction, the same effects as when the light
scattering surface 821 and the clearance 823 are provided at
both light guide plate portions 81 adjacent to each other may
be obtained. At this time, if the light scattering surface 821 is
provided to one light guide plate portion 81 among the light
guide plate portions 81 adjacent to each other in the Y-axis
direction and the cutout (the clearance 823) is provided to the
other light guide plate portion 81, the manufacturing process
of the light guide plate 80 may be simplified.

In the light guide plate 80 shown in FIG. 7C, the entire
space 82 between the light guide plate portions 81 serves as
the clearance 823. In this configuration, reflection occurs at
the interface between the end surface of the light guide plate
portion 81 and the air layer in the clearance 823, and a part of
the light is incident to an adjacent light guide plate portion 81
via the clearance 823. Therefore, the intensity of light leaking
from the light guide plate portion 81 to an adjacent light guide
plate portion 81 and the intensity of light reflected on the
interface between the end surface of the light guide plate
portion 81 and the air layer in the clearance 823 to return to the
light guide plate portion 81 may be adjusted. Therefore, it is
possible to suppress an abrupt change of the emission inten-
sity of illuminating light with respect to the space (the border
portion) 82 between the light guide plate portions 81 adjacent
to each other, and the intensity of illuminating light emitted
from the light guide plate portion 81 may be optimized.

Here, the region of the light guide plate portion 81 which
serves as the clearance 823 is preferably a flat surface. In this
configuration, since light may be efficiently reflected, the
efficiency of light utilization may be enhanced. In addition,
among the light guide plate portions 81 adjacent to each other
in the Y-axis direction via the clearance 823, the end surface
of one light guide plate portion 81 may be provided with the
light scattering surface, and the end surface of the other light
guide plate portion 81 may be a flat surface.

Second Modification Example of First to Third Embodiments

FIGS. 8A and 8B are diagrams showing an essential con-
figuration of a lighting device according to a second modifi-
cation example of the first to third embodiments of the inven-
tion. In addition, since the basic configuration of this
embodiment is identical to the first to third embodiments, the
same reference numbers are applied to common components
and are not described in detail.

Even though the thickness of the light guide plate portion
81 is constant in the first to third embodiments, as shown in
FIGS. 8A and 8B, the plurality of light guide plate portions 81
may adopt a configuration where the thickness dimension is
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continuously changed in the first direction (the direction
which the long side 811 and the short side 812 face each
other). Here, in the light guide plate 80 shown in FIG. 8A, the
thickness dimension of the light guide plate portion 81 con-
tinuously increases from a side of the long side 811 toward a
side of the short side 812. In this regard, in the light guide
plate 80 shown in FIG. 8B, the thickness dimension of the
light guide plate portion 81 continuously decreases from the
long side 811 toward the short side 812.

In this configuration, in the case of the configuration shown
in FIG. 8 A, after the light of the light source emitted from the
light emitting element 89 is incident to the light guide plate
portion 81, the light may easily reach the front end side while
keeping a sufficient intensity of light. Therefore, it has the
advantage that the emission intensity of illuminating light
emitted from the light guide plate portion 81 may be made
uniform.

Other Embodiments

Even though the light guide plate portion 81 has the lateral
side 813 and the oblique side 814 orthogonal to the long side
811 and the short side 812 in the above embodiments, it may
have a trapezoidal shape having two oblique sides. Even
though the light guide plate portions 81 having reverse ori-
entations in the first direction are arranged alternately in the
second direction in the above embodiments, for example,
every two light guide plate portions 81 having reverse orien-
tations in the first direction may be arranged in the second
direction.

Example Loaded on the Electronic Apparatus

Next, an electronic apparatus to which the liquid crystal
device 100 according to the above embodiment is applied will
be described. FIG. 9A shows a configuration of a cellular
phone 3000. The cellular phone 3000 includes a plurality of
manipulation buttons 3001, a scroll button 3002, and the
liquid crystal device 100 serving as a display unit. By manipu-
lating the scroll button 3002, the image displayed on the
liquid crystal device 100 is scrolled. FIG. 9B shows a con-
figuration of an information portable terminal 4000. The
information portable terminal 4000 includes a plurality of
manipulation buttons 4001, a power switch 4002, and the
liquid crystal device 100 serving as a display unit. If the
power switch 4002 is manipulated, various kinds of informa-
tion such as an address book and a schedule book are dis-
played.

In addition, as the electronic apparatus to which the liquid
crystal device 100 is applied, in addition to the electronic
apparatus shown in FIGS. 9A and 9B, a liquid crystal TV
2000 shown in FIG. 9C and a display of a personal computer
1000 shown in FIG. 9D may be cited as examples. In addition,
in addition to the electronic apparatus shown in FIGS. 9A to
9D, a car navigation device, a pager, an electronic notebook,
a calculator, a word processor, a work station, a digital cam-
era, an image phone, a POS terminal or the like may be used,
and the liquid crystal device 100 may be applied thereto as a
display unit of such various kinds of electronic apparatuses.

The entire disclosure of Japanese Patent Application No.:
2011-147092, filed Jul. 1, 2011, 2011-253714, filed Nov. 21,
2011, and 2011-253715, filed Nov. 21, 2011 are expressly
incorporated by reference herein.

What is claimed is:

1. A lighting device, comprising:

a first light emitting element and a second light emitting

element;

a first light guide plate including a first side surface and a
second side surface that are parallel to each other and
face each other in a first direction, a width of the second
side surface being larger than a width of the first side
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surface, and a height of the second side surface being
larger than a height of the first side surface, and

a second light guide plate, positioned adjacent to the first
light guide plate in a second direction that intersects the
first direction viewed from a normal direction of the
lighting device, and including a third side surface and a
fourth side surface that are parallel to each other and face
each other in the first direction, a width of the fourth side
surface being larger than a width of the third side sur-
face, and a height of the fourth side surface being larger
than a height of the third side surface,

wherein the first light emitting element is opposed to the
first side surface and the second light emitting element is
opposed to the third side surface, and

the first light emitting element and the second light emit-
ting element are controlled separately.

2. The lighting device according to claim 1, wherein

the first light guide plate includes a fifth side surface and
the second light guide plate includes a sixth side surface
faced to the fifth side surface, and

a light scattering layer is positioned between the fifth side
surface and the sixth side surface.

3. The lighting device according to claim 1, wherein

the first light guide plate includes a fifth side surface and
the second light guide plate includes a sixth side surface
faced to the fifth side surface, and

a clearance is provided between the fifth side surface and
the sixth side surface.

4. A liquid crystal display device comprising the lighting

device according to claim 1, further comprising:

a liquid crystal panel disposed to overlap the first light
guide plate at a first region of the liquid crystal panel and
the second light guide plate at a second region of the
liquid crystal panel,

wherein the first light emitting element is controlled cor-
responding to a first image displayed at the first region of
the liquid crystal panel and the second light emitting
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element is controlled corresponding to a second image
displayed at the second region of the liquid crystal panel.

5. An electronic apparatus comprising the liquid crystal
display device according to claim 4.

6. A lighting device, comprising:

a first light emitting element;

a first light guide plate including a first side surface and a

flat second side surface that are parallel to each other and
face each other in a first direction, a third side surface, a
fourth side surface opposite to the third side surface, the
third side surface and the fourth side surface being dis-
posed between the first side surface and the second side
surface and being disposed adjacent to the first side
surface and the second side surface, a fifth side surface,
and a sixth side surface opposite to the fifth side surface,
the fifth side surface and the sixth side surface being
disposed between the first side surface and the second
side surface and adjacent to the first side surface and the
second side surface and being disposed between the
third side surface and the fourth side surface and adja-
cent to the third side surface and the fourth side surface,
wherein a width of the second side surface is larger than a
width of the first side surface, and a height of the second
side surface is larger than a height of the first side sur-
face,

the third side surface, the fourth side surface, the fifth side

surface and the sixth side surface have trapezoidal planar
shape, and

the first light emitting element is opposed to the first side

surface, and a planar area of the portion of the first light
emitting element facing the first side surface is smaller
than an area of the first side surface.

7. The lighting device according to claim 6, wherein the
shape of at least one of the third and fourth side surfaces
differs from the shape of at least one of the fifth and sixth side
surfaces.



